The aim of this internet-based questionnaire was to determine risk factors for the development and survival of gastric dilatation and volvulus (GDV) in dogs in central Europe. The questionnaire focused on general information, feeding and elimination behaviour, family history, personality and routine habits, was freely distributed on the internet. Respondents were recruited by e-mail, and announcement of the survey on websites focused on dogs or breeder clubs and flyers in veterinary clinics and at dog shows. Responses from the owners of 785 dogs were analysed. Data underwent descriptive statistical and logistic regression analysis. Factors associated with an increased risk of GDV are intact male, specific breed, pet food and first-degree relative with gastric-dilatation and volvulus. In contrast, low risk was observed in spayed females, dogs eating meals with large particles, dogs with frequent defecation or in dogs kept at home. Non-survivors had a significantly longer time between food consumption and the development of clinical signs than survivors. We conclude that the risk of GDV development is associated with several factors. Some of these can be influenced by the owner or veterinarian.
Gastric dilatation and volvulus syndrome (GDV)
is an acute and progressive life-threatening disease occurring mainly in dogs, but it has also been described in polar bears (Amstrup and Nielsen 1989) , cats (Formaggini et al. 2008 ) and guinea pigs (Mitchell et al. 2010 ). The estimated incidence was approximately 0.3-1.2% (in the years 1992-1999) with a mortality of 10-33%, but after surgical therapeutic intervention, this level was about 6% (Glickman et al. 1994; Brockman et al. 1995; Dennler et al. 2005; Beck et al. 2006) .
The aetiology of GDV is not yet known, but many predisposing factors have been described, including decreased gastric motility, inflammatory bowel disease or other signs of impaired gastrointestinal function (Hall et al. 1993; Braun et al. 1996; Beck et al. 2006) . Many studies have focused on the identification of endogenous and exogenous factors which may help in the identification of dogs at risk of GDV. An increased risk of GDV exists in older dogs of large breeds, e.g. Great Dane, German Shepherd, Weimaraner, Saint Bernard, Irish Setter, Doberman Pincher, Poodle or Bloodhound (Glickman et al. 1994; Brockman et al. 1995; Glickman et al. 1997; Evans and Adams 2010) . The ratio of thoracic width and depth in Irish Setters has an influence on GDV, which may be one of the factors explaining the suspected genetic predisposition (Schaible et al. 1997; Schellenberg et al. 1998; Glickman et al. 2000b) . GDV seems to be more frequent in males than in females and there is no influence of castration on development of disease (Glickman et al. 1994; Glickman et al. 1997; Theyse et al. 1998) .
With respect to food intake, rapid feeding, feeding from an elevated bowl, change of feeding time or small particle size of food seems to increase the risk of GDV; with regard to the number of meals per day, there are inconclusive results Herbold et al. 2002; Glickman et al. doi: 10.17221/8496-VETMED 2010a) . Many studies have focused on seasonal factors and the incidence of GDV, but the results have been inconsistent. Whilst some authors describe a higher incidence in winter time (Herbold et al. 2002; Moore et al. 2008 ), summer predominates in other studies (Dennler et al. 2005) . Also, increased mean or maximal daily air temperature was described as predisposing for the disease (Herbold et al. 2002; Dennler et al. 2005) . The influence of atmospheric pressure on disease development is not clear, but increased minimal daily atmospheric pressure seems to pose a risk (Dennler et al. 2005; Moore et al. 2008; Levine et al. 2009 ).
Finally, stressful situations (dog being cared for by a different person, visiting, travelling, changing location or higher physical activity) and fearful temperament seem to increase the risk of disease development ). Since there is limited information about predisposing factors outside the US and the conditions in which dogs are kept vary, the aim of this study was to evaluate the described predisposing factors for GDV development in dogs in central Europe.
MATERIAL AND METHODS
Data collection. Data were collected using an internet-based questionnaire using a questionnaire form (GoogleDrive, Google, CA, USA). The survey was initiated on 20 th October, 2012 and data were collected from 20 th October, 2012 to January 31 st , 2014. The questionnaire was in Czech and Slovak language only (English version appended as Additional Material).
Recruitment of survey participants. Survey participants were recruited by e-mail and an electronic link that was posted on websites for dog owners. E-mails for recruitment were collected from kennel websites and the websites of kennel clubs for large-breed dogs bred in the Czech Republic. Flyers with links to the website were distributed through some veterinary clinics (e.g. university hospital) and dog shows (e.g. International Dog Show in Brno). The distribution of the questionnaire was not restricted.
Survey characteristics. The survey was designed for three groups of participants: the first group was the control, and included dogs older than five years weighing more than 30 kg or taller than 50 cm without gastropexy; the second group included dogs with a history of GDV that survived; and the third group consisted of dogs that had died due to GDV.
The survey had two parts: part A was the same for all three groups, while part B was focused on GDV and was accessible only for the second and third groups. Part A consisted of four segments: the first section was on general information (identification of the owner, location, breed, sex, age and weight), the second part was focused on feeding and elimination habits (type of food, frequency of feeding, intake of treats, size of particles in food, grass eating, frequency of vomiting, diarrhoea, eructation and defecation), the third part asked about GDV in the dog's family and the presence of other dogs with or without GDV in the same home and the final part was focused on pet behaviour (activity, frequency of walking outside). Part B asked for more detail about GDV (date and time of GDV, time from feeding to GDV, specification of last food before GDV, time until arrival to hospital, character of day (special events) and treatment).
Statistical analysis. Data were analysed with statistical software (MedCalc Software bvba, Ostend, Belgium; Stastitica 6.0, Statsoft, Inc., Tulsa, USA). Evaluation of risk of GDV was performed using logistic regression and frequency was tested with the χ 2 test. For the first part of the work, the control group was compared with the dogs with GDV (both survivors and non-survivors) using logistic regression (part A of questionnaire). Significant risk factors were the same in the univariate and multivariate analysis. Results from univariate analysis are shown. In question No. 11 and 12, the answers were first sorted into two groups (question No. 11 -inside even for some time and outside, question No. 12 -any family member or none) and after that again underwent analysis for each category. From question No. 15 onwards answers were divided into three categories: meals with dry kibbles/meals with kibbles other than dry kibbles/no kibbles in food. Meals containing kibbles encompassed both meals with dry and meals with other kind of kibbles. Only dry food signified meals with dry kibbles. From question No. 28 onwards answers were divided into two groups: any activity or no activity.
For the evaluation of risk factors associated with mortality, survivors and non-survivors were compared using the χ 2 test (part B of questionnaire). Comparison of age and weight between groups was performed using the Mann-Whitney U test. The level of statistical significance was set at P < 0.05. 
RESULTS

Characteristics of responders
A total of 844 responses to the questionnaire were obtained. Fifty-nine (7.0%) responses were excluded due to the low age or size of the dogs, so the remaining 785 (93.0%) were submitted for statistical analysis.
Seventy-one responses were obtained from the Slovak Republic (9.0%), two were from Austria (0.3%) and the rest (90.7%) were from the Czech Republic. From all responses, 536 dogs were used as control dogs (68.3%), 127 (16.2%) were dogs which had survived GDV and belonged in the second group and 122 dogs (14.5%) died due to GDV.
The general description of all dogs included in this study is shown in Table 1 . The median age of dogs was nine years (min-max, seven months to 18 years), while median weight was 40.0 kg (17.0-95.0 kg). There were significant differences in age and weight between the control group and dogs with GDV (P < 0.0001).
A total of 316 intact females (40.2%), 111 spayed females (14.2%), 308 intact males (39.2%) and 40 (5.1%) castrated males were included; ten owners (1.3%) refused to respond to this question. There was a significant difference in sex distribution between control dogs and dogs with GDV (P < 0.001). Intact males were at higher risk of GDV (P = 0.02), whilst the number of spayed females with GDV was lower than expected (P < 0.001). There was no significant difference in sex distribution between survivors and non-survivors (P = 0.35).
The most represented breed was German Shepherd, with 131 responses (16.6%), followed by Bernese Mountain Dog (n =70, 8.9%), Rhodesian Ridgeback (n = 59, 7.5%), Great Dane (n = 52, 6.6%), Hovawart (n = 41, 5.3%), Newfoundland (n = 34, 4.3%), Labrador retriever (n = 30, 3.8%), Golden retriever (n = 29, 3.7%), Irish Wolfhound (n = 26, 3.4%), Boxer (n = 21, 2.7%), Leonberger (n = 20, 2.5%) and cross-breeds (n = 20, 2.5%). The remaining 252 dogs (32.2%) belonged to 60 different breeds. There was a significant difference in breed distribution between control dogs and dogs with GDV (P < 0.001). Great Danes, Irish Wolfhounds (P < 0.0001) and Central Asian Shepherd Dogs (P < 0.05) had a higher risk of developing GDV. On the other hand, Labrador retrievers and Golden retrievers seemed to be at lower risk for GDV development (P < 0.05). There was no significant difference in breed distribution between survivors and non-survivors (P = 0.54).
Feeding and elimination
Frequency of feeding (once/twice per day or ad libitum) did not differ between the groups of dogs with and without GDV (P = 0.47). Responders fed different types of diet to their dogs; thus, we had to divide the dogs into two groups: dogs receiving meals without kibbles and dogs eating meals containing kibbles (dry kibbles, kibbles and canned food or kibbles and cooked food). The first group was found to suffer from GDV less than dogs consuming meals containing kibbles (Table 2) . Another comparison was between meals composed only of dry kibbles and any other meal; there was no difference between dogs with and without GDV (P = 0.51), and the same was true when dogs eating dry kibbles or kibbles with can or cooked food were compared (P = 0.54). Another important factor was the size of particles in the meal, with dogs eating meals containing particles larger than 3 cm being at lower risk of GDV development. The intake of treats was connected to GDV development, where dogs eating treats everyday were found to suffer from GDV much less often than other dogs and dogs receiving no treats at all were at significantly higher risk of developing GDV.
Frequency of vomiting, diarrhoea, eructation and grass eating (never, once per month, twice-three times per month, once per week or more than once per week) were not significantly different between control dogs and those with GDV. Frequency of defecation had a tendency (P = 0.12 in logistic regression and 0.007 in χ 2 test) towards a lower risk of GDV in dogs defecating more than twice per day.
Family history and owner-hold conditions
GDV was more frequent in dogs with GDV in the family and the highest risk was in dogs whose mother or father suffered from GDV. On the other hand, the incidence of GDV in offspring was similar between controls and dogs with GDV. A high risk of GDV was seen for dogs kept in a house with another dog with a history of GDV and GDV was less frequent in dogs kept with another dog without any history of GDV (P = 0.02, χ 2 test). Dogs kept in the house were generally at lower risk of GDV. When the group of dogs spending no time in the house was compared with the group of dogs allowed to spend at least part of the day inside, a tendency for a higher risk of GDV was reported for the first group (P = 0.06). A significantly higher risk of GDV (P < 0.0001, χ 2 test) was observed in dogs kept out of the house during the night and a lower risk was seen for dogs kept inside during the night. A slightly higher frequency of GDV was observed in dogs kept outside for the entire day, and the opposite was seen for dogs kept inside all day.
Dog behaviour
Dog behaviour during walks (active or passive) had no influence on GDV development (P = 0.12). The number of walks per day did not affect the risk of GDV development (P = 0.63). Similarly, the performance of any additional activity (agility, dog shows, training) was not associated with the development of GDV (P = 0.80).
Dogs with gastric dilatation and volvulus syndrome
Regarding personal data, there was a significant difference in age (P < 0.05), but not weight (P = 0.9) between survivors and non-survivors. There was no significant difference between date of GDV occurrence (P = 0.88), with the highest number of GDV cases in September (n = 24, 11.3%) and the lowest in February, May, July and October (all n = 15, 7.1%). The start of clinical signs was between 5 pm and 12 pm in most of the dogs (57%). There was no significant difference in the time elapsed between the ingestion of food and the start of clinical signs, but a tendency (P = 0.06) towards onset of disease immediately after food intake (23%) and more than > 10 h after food intake (13%) was noticed. There was a significant difference in the onset of clinical signs between survivors and non-survivors (P < 0.0001). Non-survivors usually exhibited a longer doi: 10.17221/8496-VETMED lasting interval from meal intake to the onset of clinical signs, with 64% of dogs having clinical signs more than 4 h after meal intake and 68% of survivors displaying clinical signs within 4 h of meal intake. Seventy-seven percent of dogs had the same meal as usual before GDV; the rest of the dogs received something other than their regular meal. There was no difference between survivors and non-survivors in this aspect (P = 0.31). Regarding activity between feeding and clinical signs, 80% of dogs were laying or sleeping, 19% were running or jumping and 1% were taking care of puppies. For most of the dogs (85%), there was no special activity on the day of GDV. A minority of dogs were being dog-sat (2%), travelling (3%), attending a dog show (2%) or celebration (5%) or had abnormal physical activity (3%). Thirty-one percent of GDV happened during the weekend or on national holidays, with the rest occurring during the working week. Most of the owners (62%) arrived at the veterinary clinic within one hour of the onset of clinical signs and 81% of them arrived within the first two hours; there was no difference between survivors and non-survivors.
Comparison of breed distribution
We have compared our breed distribution to the number of dogs born in 2004 (median age of dogs in the study was nine years) received from the national kennel register (Bohemian and Moravian Cynological Union). Several differences between expected and observed number of participants are shown in Table 3 . Other breeds were distributed as expected.
DISCUSSION
Many predisposing factors for GDV have been described in the past (Glickman et al. 1994; Brockman et al. 1995; Glickman et al. 1997; Glickman et al. 2000a; Evans and Adams 2010) . Since most of the studies were performed in the USA or UK where dog-keeping and handling conditions differ from central Europe, we were interested in whether there are similar predisposing factors in this geographical region. In our study, there was a significant difference in age between control dogs and those with GDV. Our questionnaire for control dogs was addressed to dogs older than five years and only 13% of control dogs were younger than eight years, which is the mean age of dogs with GDV. We set the age limit to older dogs to increase the chance that responders will not suffer from GDV in the future and as 25% of the control dogs had died already without experiencing GDV during their life. GDV was more frequent in intact males and less frequent in spayed females. This trend was also noticed previously Glickman et al. 2000a) , while other groups did not confirm the influence of sex on GDV development (Glickman et al. 1994; Theyse et al. 1998) or found the opposite results (Pipan et al. 2012 ) with the highest risk of GDV in spayed females. Even though the most represented breed was German Shepherd, the occurrence of GDV was significantly higher in Great Danes, Irish Wolfhounds and Central Asian Shepherd Dogs. Great Danes were also found to be at risk in another study. The low risk of GDV noted in Golden and Labrador retrievers was not described in other studies; in the USA, a low risk of GDV was found in Newfoundland and Rottweiler breeds (Glickman et al. 2000a) .
As in a previous study (Theyse et al. 1998 ), we did not find any influence of frequency of feeding on GDV development. In contrast to our results, others Raghavan et al. 2004) found an increased risk associated with feeding once per day, but it is suggested that total amount of meal is more important than frequency. We found a higher risk of GDV in dogs eating meals containing kibbles. Similarly, a lower risk of GDV was described when consuming canned or table food ), but it is not clear whether this was for food mixed with kibbles or when served as the only food. We did not find feeding dry kibbles to be a risk factor, in contrast to Pipan et al. (2012) . Similarly to the study of Theyse et al. (1998) , we found a decreased risk of GDV in dogs eating particles larger than 3 cm in their meals. The reason for this is not clear; it may be that larger particles induce more intensive chewing and food is more quickly digested. Also, as in the study by Glickman et al. (1997) , which focused on food available between meals, we found that eating another food (treat) was protective. We did not find any difference in frequency of vomiting, diarrhoea, eructation or grass eating between control dogs and dogs with GDV; only more frequent defecation seems to be connected with a lower risk of GDV. This could be connected to the increased motility of the gastrointestinal tract, which is a possible pathogenic factor in GDV development (Hall et al. 1993) . A higher risk of GDV was found in dogs whose mother or father, but not offspring, suffered from GDV. Similar findings were reported in the study of Glickman et al. (2000b) , whilst another study ) did not find first-degree relatives with GDV to increase risk. A possible genetic influence of GDV has been discussed in connection with thoracic conformation, mainly in Irish Setters (Schaible et al. 1997; Schellenberg et al. 1998 ). The length of gastric ligaments has also been postulated to play a role (Hall et al. 1994) . The presence of dogs with GDV in the home increased the risk of GDV; when both influences were analysed together (first-degree relative and dog with GDV in home), the presence of GDV in the home was more strongly associated with GDV development. Dogs that spent at least part of the day in the house were at lower risk of GDV than dogs kept outside for the whole time. Similar results were obtained previously (Pipan et al. 2012 ), but they are not in accordance with another earlier study .
Based on previous findings, happy dogs are less likely to develop GDV in comparison to fearful and aggressive dogs , but the influence of overall physical activity is doubtful (Theyse et al. 1998; Pipan et al. 2012) .
Regarding GDV cases, the only clinically important difference between survivors and nonsurvivors was the time of the onset of clinical signs after feeding. This may be the consequence of individual animal behavior during disease or slower disease development. The character of the meal before GDV had no influence on outcome and almost three-quarters of dogs had received usual food. Also, activity after meal seems to have no influence on GDV, since 80% of dogs did not report any activity. Moreover, exercise after meal appeared to be protective for GDV (Pipan et al. 2012) .
There are several limitations of this study. First, because the study was an internet-based questionnaire, answers are biased by the memory of the owners. We tried to avoid false answers by giving the option "I do not remember" or "I do not want to answer" to almost all questions, resulting in different numbers of answers for each question. Also, data related to the duration of clinical signs could be biased by the owner's investigating ability. Second, the diagnosis of GDV is almost impossible to distinguish from pure gastric dilatation based on the clinical signs; however, in all except eight dogs the diagnosis was confirmed during the surgery. From these eight dogs, four were diagnosed based just on clinical signs and four had died before they were presented to the veterinary clinics. We do not think that these dogs would bias the results of this study. Third, the breed prevalence may be biased by the internet activity of breeders or kennel clubs in answering/ distribution of the questionnaire, since most of the contacts were achieved through the internet. The differences in breed distribution between this study and the data obtained from the kennel register (year 2004) could lead to the biased results of breed predisposition; however, the fluctuation in the number of puppies among years is quite high. Also, the number of dogs born without pedigree is probably high in our country and may bias the expected population. Fourth, the proportion of the dogs in our study is evidently biased to dogs with GDV (with respect to the estimated incidence in other studies) and in dogs with GDV, towards the non-survivors. Although we used quite strict inclusion criteria for control dogs, the occurrence of GDV in those animals is not known. It is likely that owners who experienced GDV were more interested in the questionnaire. The reason for the high proportion of non-survivors is not clear. 
